B
lood giving rise to endothelium, evidence of which is described by Bailey et al. (1) in this issue of PNAS, has been a hot-button topic in the adult hematopoietic͞vascular literature. Paradigms of hematopoietic and endothelial shared origins are well established in the embryo. However, the demonstration that this phenomenon occurs in the adult has been significantly more controversial.
Part of the controversy centers on the issues of ''stemness'' and plasticity, both concepts fully accepted in the developing embryo but thought to be lost and͞or diminished in most adult lineages (2) . Within the embryo, there exist two major developmental time points where the hematopoietic and endothelial lineages cohabitate. The first is in the early yolk sac, where both blood cells and endothelium emerge simultaneously, thus giving rise to the theory of a common predecessor, the hemangioblast (3-5) (Fig. 1) . However, the blood derived from this early ancestor is thought to be of ''primitive'' origin and thus does not continue to support the adult hematopoietic system (for a full review, see ref. 6 ). Later in development, the aorta-gonado-mesonephros region in conjunction with the vitelline and umbilical arteries exhibits clusters of hematopoietic cells capable of imparting adult hematopoiesis that are in physical contact with the endothelium (6, 7) . This appearance of ''budding'' hematopoietic cells in contact with the vasculature has led some to term this endothelium ''hemogenic,'' i.e., the vasculature giving rise to the hematopoietic system ( Fig. 1) (8) . Now, whether this is indeed the case or whether cells of mesodermal origin are migrating through the endothelium remains to be established (9) . Nonetheless, during development, at least two paradigms exist: first is the hemangioblast, a common predecessor to both systems, and second is the endothelium differentiating into, giving rise to, or supporting the hematopoietic system.
For a period of time, it was thought that once these two systems were parted in the embryo, they would be forever separated in the adult. This no longer seems to be the case. An explosion of literature evaluating the plasticity of the adult hematopoietic stem cell (HSC) has suggested that bone marrow-derived stem cells could give rise to neurons, cardiac cells, muscle cells, liver, and blood vessels (reviewed in ref.
2). Unfortunately, much of the initial excitement of HSC plasticity has been extinguished with later investigations noting that although these cells migrated to different organs, their later ''transdifferentiation'' was more likely due to fusion events, or upon closer analysis, the HSC progeny remained in injured tissue but maintained their hematopoietic identity (2, 10). However, one potential offspring from the HSC still remained in the game: the vasculature. Once one takes the developmental history of these two lineages into account, it is not surprising that there would be a continued connection throughout adulthood. Yet, the nature of that connection remains a controversial issue.
Who Gives Rise to Whom?
Adult Hemangioblasts and Hemogenic Endothelium. The contribution of the endothelium to the generation of hematopoietic cells has support during development (11); however, experimental evidence in the adult is scant. Although the hemogenic capacity of the endothelium is thought to be confined to a narrow developmental window, Fleming's group (12) has previously demonstrated that transplanted adult vascular grafts confer short-term hematopoiesis in irradiated hosts. Thus, the question of whether adult vasculature is able to recapitulate embryonic hemogenic endothelium warrants future investigation. In contrast, increasing evidence has implicated adult bone marrow vasculature in supporting hematopoiesis as a ''vascular niche'' (reviewed in ref. 13 ). This ''niche'' consists of bone marrow sinusoidal endothelium capable of sustaining HSC proliferation and differentiation, allowing progenitor cell egress from the marrow (13) . Therefore, much like in embryonic development, adult vasculature has been shown to support, and possibly give rise to, hematopoietic cells.
The continued theme of adult mechanisms recapitulating embryonic programs is seen in an area of continued and fervent investigation: the search for the adult hemangioblast. Although the literature in this field is substantial, the evidence has been dogged by the lack of clonal assays demonstrating the ability (1) (16, 17) , which begs the question as to how significant a role it plays in normal physiology and pathophysiology.
Angiogenic Blood-Myeloid Lineages. Aside from the bipotential hemangioblast, bone marrow-derived angiogenic cells have been another area of extensive investigation and controversy. At the heart of the matter is whether these angiogenic cells are indeed of hematopoietic identity or of endothelial identity in a more progenitor form permitting residence in the bone marrow and transit to injured vascular sites. To this end, there seem to exist multiple schools of thought. One suggests that bone marrow-derived hematopoietic cells home to areas of vascular injury and settle in close approximation to the newly forming vasculature, contributing to angiogenesis via secretion of important cytokines for endothelial proliferation and recruitment (18, 19) . A second proposes that bone marrow-derived endothelial progenitor cells (EPCs), the definition of which remains elusive (20) , are able to directly participate in angiogenesis (21, 22 (Fig. 1) .
What is elegant about their study is that the authors not only investigated an extensive array of cell markers in conjunction with deconvolution microscopy to ensure the cells were endothelial in nature, but they also cleverly used a Cre-lox system to rule out fusion events, and a parabiosis model to address whether their data were a result of radiation-induced vascular injury.
The myeloid lineage has been implicated in many processes. These cells are the fusion partners in hepatocyte repair (23, 24) , and more recently their contribution to the angiogenic response has been under closer scrutiny (25) . In particular, two in vivo studies have quite convincingly demonstrated that monocyte-like cells participate in the angiogenic response not by transdifferentiation into endothelial cells but through the production of cytokines that provides stability to the newly formed vessels (18, 19) . As Bailey et al.
(1) address in their discussion, this may be a complementary pathway to the direct participation of these cells in angiogenesis. The current data, when taken together, relegate the myeloid lineage as truly angiogenic.
Where from Here?
The endothelial promiscuity of the myeloid lineage is intriguing, such that it suggests not only a common origin between the two lineages but also a common plasticity. It is indeed mysterious that differentiated progenitors work in such close concert with the vasculature. Therefore, it would be imperative to further delineate this relationship by means of lineage tracing of later progenitors in their physiological settings. This approach is becoming more feasible as tissue-specific inducible systems become available. Adult induction of reporter genes in the subgroup of interest will allow investigation of this phenomenon in vivo over the lifespan of an animal, without artificial introduction of cells or injury. In addition, the low levels of incorporation must be supported with data as to its physiological relevance, which cannot be answered until the responsible mechanisms are delineated and then subsequently abolished or inhibited.
